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Management of Water Resources in Shanshan, China: 
A System Dynamic Approach 
Introduction 
Shanshan County, located in Xinjiang,  
China, has severe problems of water scarcity, 
overexploitation of groundwater. In need of 
efficient water resources management 
strategies, this study proposes a System 
Dynamics (SD) approach to simulate the 
water resource allocation, which can assist in 
providing a better understanding of the 
dynamic water supply and demand system 
and exploring different water resources  
management and allocation scenarios 
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Study Area 
 To estimate future water demand and 
supply conditions up to 2030, based on 
current development trends in study area. 
 To analyze the feasibility of improving 
sustainable environmental development 
 Area of 39,548 km2, with 0.22 million 
of population; 
 Extreme arid inland desert climate:                   
17.6 - 25.3 mm annual precipitation but 
2751-3216 mm of annual evaporation; 
 Temperature: 11.2℃ to 33℃ 
 Based on past 54 years of data, this 
region has 268.3x106 m3 of surface water, 
and 202.7 x106 m ground water. 
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Fig.1 Water supply and demand  in study area-Shanshan County  
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Data and Methods 
Data includes population, land area, 
water demand of five user sectors (industrial, 
rural industrial, agricultural, municipal and 
ecological), monthly streamflow at three 
locations, reservoir regulation rules, and 
water allocation for different water use 
sectors. 
A SD model was developed to simulate 
interactive relationship between multiple 
demands and water supplies. Model was 
calibrated by comparing with observed data 
from 2005 to 2010. 
Model simulations were performed from 
2011-2030. Four scenarios are designed. 
Calibration 
Fig.2 Model calibration results 
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Fig.3 Water demand by different users in scenario 1 
Fig.4 Water supplied to different user reported by source in scenario 2 
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Fig.5 User water demand trends in scenario 3 
Fig.6 Agricultural demand by irrigation methods in scenario 4 
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Generating and testing additional 
scenarios and combining some of the 
existing scenarios.  
 Current water policy (scenario 1) will 
still keep increasing water demand. 
 From 2020-2030, the water management 
strategies i.e., scenario 3 or scenario 4  cannot 
meet the demands due to rapid growth in 
industrial demand. 
 High irrigation demand and increasing 
industrial demand were two major 
contributors to the overexploitation of 
groundwater. 
 Overexploitation of groundwater cannot 
be addressed by the construction of two more 
reservoirs. 
 Reducing the irrigation demand could 
effectively reduce groundwater use(scenario3). 
 For sustainable water management, 
additional irrigation area should be reduced, 
and irrigation efficiency further improved, 
while reducing industrial water demand. 
 In scenario 1, industrial water demand 
kept increasing and takes up 45% of water 
use in 2030 (Fig.3). 
 In scenario 2, increase in surface water 
use in industry lead to decrease in agriculture 
use (Fig.4). 
 In scenario 3, reducing the overall 
irrigation demand by 40%, ground water use 
decreased by 28.4% in 2030 (Fig.5). 
 In scenario 4, increasing drip irrigation 
reduced overall irrigation demand (Fig.6). 
 Groundwater use kept increasing under 
all 4 scenarios, however in scenario 3 
increase was at the slowest rate (Fig.7). 
 Total water demand of scenario 3 and 4 
showed decrease in 2020, but increased in 
2030 (due to industrial growth). 
Summary of Results 
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Fig7. Comparison of water supply for all scenarios reported by source 
Fig.8 Comparison of water supply for different  
scenarios reported by source at selected time points 
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a. Scenario 1, kept current development          
trends; 
b. Scenario 2, Industry Parks received more 
surface water when all reservoirs became 
operational;  
c. Scenario 3, same as scenario 2, decrease 
agricultural water demand by 50% by 
reducing irrigation area; 
d.  Scenario 4, same as scenario 2, but 
improve irrigation efficiency by switching 
irrigation method. 
